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Field of flie Invention 

(00011 Tte field of .Ms invention relates to downhole screens, whidi can be 
expanded into contact iwith tlie fonnation. 
Ttackgroqp 'i »f fl»e Invention 

[00021 Downhole screens are nsed in a variety of diferentqipHcations. .As part of a 
common procedure called gcavd paddng, the screens are deposited adjacent the 
prodadng formation and flie sunounding annular space is filled with sand known as 
graveL Various fibrication techniques have been developed fijr mamifectoring such 
screens and atypical acaoople is iUustiated in US Pat«it 5,611,399. 
(00031 More recently it has been determined that it is desirable to reduce the size of 
the annular space between the screen and the fomiation. Reduction of flie volume of 
flie annular space around flie screen discourages fluid flow along flie screen, which, in 
turn, lessens flie production of sand. In order to be able to produce flie reservoir 
looger, it has been desirable to insert screens in well bores or laterals and fliereafter 
expand fliem. A good example of flie eacpansiop techniques fijr a downhnle screen is 
shown in U.S. Patent .^,012,522. In fliis patent, overlapping segments of screen are 
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5,366,012. 

100051 lten«inol^ectiveoffl«prescntinve.tion is to aUow easy i^^^^ 
screen to the desired .location foUowed by e:q.ansion to reduce ^ vol^e of the 
ann^arspacearouadthescreen. Yet another objector invention is to expand fl.e 
screen agaiast the foiination to entiidyelindi^^^ 

another objective of the present invention is to allow the use of fte struck of &e 
sereendownholeeve^without expansion. Another objective ofthepres«.t invention 
is to decrease the anu)nnt of stress on the filtiation member when expanded. Yet 

anotixer objective of -the present invention is to provide a significantiy stronger 
.troctme for the finished product, which even after expansion presents a greater 
stance to coUapse: Another object of the invention is to provide. :as mud. as 
possible, uniformity in the opening size of the filtration layer after tiie:assembly is 
e^anded. Anotiier objective is to provide sufficient stiength in tiie assembly, after 
expansion to aUow it to better resist differentiahpressures. Still another objective is to 
^ucetheeffi>rtrequiiedfor«q.ansion and to stage the overall e^ansion in discrete 
steps. Ttese and oflier advantages of the present invention will be appreciated by 
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those skflled in the art from a review of Ihe description of 4e preferred embodiment, 

which appears below. • 

STTMMARY Q i? TTTF. TNVENTIOM 

[0006] A downhole completion method and an expandable filtiation apparatus are 
disdosed, Hxe filter assembly comprises aplmality of layers begimnng with a coated 
perforated base pipe. The coating reduces the force required for expansion. A 
drainage layer overiays the base pipe ^ the filtiation layer above it Hie dramage 
layer improves flow dirough die filtration layer and protects it fix)m burrs in the base 
pipe. A filtration enhancement layer fits over ttie filtration layer and an outer shroud 
protects die assembly during run in. Hie assembly can be used as made or expanded 
downbole in one or a series of expansions. i 
BRIEF DESCRIPTION OF THE DRAWINGS 

(00071 Fig. 1 is cutaway view, partly in section,! showing die filter assembly. 
[0008] Fig. 2 is a section view along lines 2_2 of Fig. 1. 

[0009] Fig. 3 is a section view of a first step in a multi step cxpfomoa of the filter 
assembly. < 

[00101 Fig. 4 is a section view of a second stepiin a multi step expansion of the filter 
assembly ■ 

[0011] Fig. 5 is a comparison performance chart comparing a known filter made by 
Baker Hughes called Excluder and two variations of flie filter, of : the present 
inventioa 

pyTAn.ED DESCRIPTION nv TBTF. PREFERRED EMBODBSM 
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100121 Ref«ringtoFig.l.fl.evanouslayerso«i.epre£^en.^^^ 
Ti. innermost layer i. a perforated base pipe 10, .Moh has a phnaHty. of op«fngS 
12. Base pipe 10 provides a firm fo>mdation fdr the layers above. The pattern of the 
holes 12 is optimized to strike the best balance between collapse resistance after 
expansion and minimization of the force required to expand Uris layer and those 
positionedoutsideit. as winbedescaT>edbdow.This optimization aUo^ 
in the range of up to about 30%. THe base ppe 10 can have toeads 14 and 16 at 
opposite ends to allow sections of the filter assembly A to be seemed together, giving 
greater torsion and tension strength for the filter assembly A. A coating 18 made 
preferably ftom a plastic material canbe ^lied to flie inside of &ebasep«,e 10. THe 
Whitford Corp. mannfectnres the coating under the name Xylan 1052.intimately, 
when an expander 20 (see Fig. 3) is moved trough base pipe 10. the coating 18 will 
reduce the required expansion force. Tbe greater collapse resistance of flie base pipe 
10 promotes bordwjle stability atoe^andon. The opti^^ 1^ 
promotes the highest mansion rate for a given material for base pipe 10 while still 
leaving suffident inflow area through the pipe openings or perforations 12. Using 
round, rounded, or ovd openu^ instead of slots provides for a me(^caUy sfr^^^^ 

filter assembly A. In the preferred embodhn«rt. &e coating 18 is Xylan and it can 
provide a reduction ir» required force for a given expansion by as mudi as 50%. Tbo 
coating 18 also helps resistance to galling by fixe e^ander 20 or i subsequent 
expander such as 22 (see Fig. 4). 

[00131 Mounted above the base pipe 10 is a drainage layer 24. Drainage layer 24 is 
between base pipe 1ft and filtration layer 26. iTie drainage layer 24 promotes flow 
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eniboaim^^ a»i.»g» U,- 24 i.:a weave, selec^d ft^ . ^ 

SSB«ld600 304B.Tl»a»Bi««l««'Mpx«.c«ftefflWioaIay=J6fio-.bun, 

» prod«ea<«. a» ^ of to layer 24 p^des 

■ wi.hashro»dofsomet,pe,dd.to«terd«».d34.to.™ddhaves.».d^^ 
the base pipe 10, 

100141 Mounted overiflie dndi^ge l^er 24 is the filtration layer 26. Hxe filtration 

layer 26hasuniformopenings.Tl.epreferredmBterialisaspe^ 

weave. Uns material gives very reliable mfomnty to the opening size, after 

expansion. Inflrisniannermerecanbe confidence in fliepartides^ 

pass filtrationlayer 26 wMe giving greater protection against pluggingor^^ 

of too many particles. As shovoi in Fig. 1, the filtration layer 26 is oriented at an 

angle to the longitudiiMd axis of tiie filter assembly A. Tins 
of about lOto about 80 degrees witii about 20 degrees being preferred. Orienting the 
filtering layer 26 at in angle allows nunimization of change in opening size and 
^fomuty, resulting .ftom expansion. The Dutch Twill weave provides greater 
durabiUty and particle holding c^adty. Negative effects on hole size and uniformity 
asaresult of expansion are furfli^minimized by usiBgarev^eweav^^^ 

pattern. A reverse weave is one where tiie diameter of fiie weft (shute) wires 28 is 
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larger than&e warp wires SObyasmuch as about 50 perceaiTliecombmation of 
angular placemeat of .the filtration layer 26 by a spiral winding tedmique cot^led 
with a reverse weave yields a more predictable and uniform opening size after 
expansion. 

100151 Mounted overilhe filtration layer 26 is Ihe filtration enhancement layer 32. 
This layer promotes greater flow conductivity fi.>m ihe outennost layer, the outer 
to>ud34.I^yer32actsasacoarsefiltertolayer26andprolongstbelifcoffiltt^^^ 

layer 26. Hiis can be seen in the graph of Fig..5, where the addition of flie filtration 
enhancement layer is carve 36. The same filter assembly A of the present invention 
but without flie filtration enhancement layer 32 is illustrated by «rve 38. Carve 40 
represents the performance of a known product made by Baker Hm^es called 
Excluder. Fig. 5 readily demonstrates that die addition of the filtration enhancement 
layer 32 nearly triples the time it takes to bund up a backpressure of 40 PSIG fiir the 
same flow conditions: Leaving out the filtratito enhancement layer 32 also makes 
that version of fiie present invention perform somewhat comparably to tiie known 
Excluder design. Several different weave types are suitable for layer 32 sudi as: 
square weave. Con^und Balanced, Tight Tuck, and Braided Weave.' A suitable 
Compound Balanced .material is available ftom Porous Metal Produito, model # 
C3_3_96_192_21/24.; A metallic mataial is prdferred. 

[00161 llie outer ahmud 34 is preferably formed from spirally winding.a perforated 
dieetintoatube.Tliehole size and pattern is optimized to fiidlitatee^ 
provide sufficient collie resistance in the e*anded state. It is desired to have tiie 
inflow area of Ae openings maximized but to limit the opemng size and use a 
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^ of o«« .tao^ 34 is .0 P»-. *e ^ 

during run iiL 

.„ «cp.^<« »d pnmte gr«« ^ '^"^ " " 

^ . gre..- dcsre. of ^4o« » P«ti«Wy 

.ppBc*l.««..b.»pip.lO.Tl«Weof.Bn«lMg«visi«»ato«*«o.---^ 
„,800d.«™sF.Am»rtmg.ftt«*-epp.lOisdonebrf<».appl,tag«»oo.^ 

W due ,. «.e to^mfl' of to coating 18 to ,«««4 fl« 

Staw^ c» be ,«ot of swaging to ioin a« Uyers »ge«.«. U. Uym ™ 

.saepbW to fl» fcllowing n««..«« Wd«i wire of »M= dr^ 

^ 14 i, placrf on tt. base pipe 10 whl* to '>«' ^^"^ ''"'•^ 

coa^danatecadod. Ibe..fh.ffl»ttonl.yaMis«"Wedatanangl.ov«te«.p 

0, to drainage ..y« AB0««r layer, c-lad ft. ffl«a«oa enh»««n»n, 32 ia 
pUc.do«r*e«,of*.m«aouU,.26. ■n«.a.on..rataond34ia,Uc«lovc 
to ffltt^io. «a»»«h=« 1^ 32 and «« toUl parage U nm 
fl^swagesorforeeaatte»mponenl»tovigOH.nayco>.laote«iotor. i 
tMl»lTl«fil«.ssmblyAtateadv««age.of«^rpataan<:e,,*^ 

«^d„wnh.l..»notmtisnot«^it«n.l«»n^P«*^-«^'^™ 
^oner. Figs. 3 and 4 iUnstrate a «ni<p« «P»°»i«» 
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step, an expander 20 ^ch may be a W cone or a cone with variable <Bameter 
n.oveddownwardlythn,ugh the ffltaassembly-Ato achieve aboutal5%^^^ 
At Ihe lower end of the filter assembly A a cone latdi 42 engages a fixed or variable 
diameter «q.ander or «one 22 to increase the overall expansion to as mnch as 50%. 
As previously stated.:more expansion steps can be used and different degrees of 
step.wise e^ansion and overafl e^on can be obtained with this technique. It 
should be noted that flie second expansion does not necessarily have to irroceed in a 
direction oppoate the first e3q)ansion. 

[00191 TteteaiemanyappKcationsofttiefilterassemblyof1hepres«itinvention.In 
horizontal open hole completions there are usuafly more than 1.000 feet of contact 
valh tiie productive formation, sometimes in «cess of 9.000'. Because tiiere is so 
nmch contact &e amount ofpioduction per foot is very low. In most cases if the 
theoretical production per fi)ot was traveling into a screen direcfly opposite of the 
formation tiien flie velocity would be too low to transport sand fiom unconsoUdated 
fomiations or cause erosion. There are many wells in which erosion is. taking place 
andsandisbeingproduced. Pr^ently there are a couple of fteories that explain tins 
occurrence. First tiie formations may be so unconsoUdated timttiiey simply fell «^»art 
when fhc pressure in flie well hore used to control flie weU daring Idrilling and 
completing the wdl is removed. This is referred to as hole or fonnation: collapse. A 
second possiWUty is tiiat fluid flows along the pafli of least resistance. Ubismaybe 
on tiie inside of a screen tiiat is in place or along Ihe outside. As the flow proceeds 
towards flie beginnmg of tiie open hole section, tiie accumulative effects of 
production means flieivelocity is mudi hi^er towards tiie top section (begmning) of 
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ti^copenhole. velocity (accun»lated flow) can be Hgheaough<m the ^^^^ 

the screen to transport:sai«l and to erode &e formation and s«^en. 
100201 By expanding Bcreen in an openholehorizontalweU the an^^^ 

screen and the fonnatibn can be greatly reduced or even eBn^ 
annuhs means greate, resistance to flow and therefore production flow is reduced on 
theexteriorofthescreenandincreasedonlheinterior. The reduction in exterior flow 
means lower vdodties near the weU bore and therefore less sand transportabihty and 
less ero^on effects. *• 

town Expansion can also aid in formation stabiKty by physically supporting the 
fomiationif&escieenisexpandeduntilitistouchingtheformation. This support in 
turn could prevent th« colli^jsing of ttie formation trfien the pressure in the wdl bore 
is reduced. 

. (00221 IncasedholeiOTHcationsfiltrationassemblyAoffas^eadvantageofal^ 
insidediameterforiemedialworfcbelowitsinstallation. Another advantage is tot in 
fiac packs and gravel packs all that is necessary, to do is to place the proppant or sand 
fa&eperforationtumielsandfoimationftactures. Annular packs between the screen 

and die casing, which are often difficult to adrieve, are not necessary since e3q,anding 
screenremoves this ammlus. The filter apparatus A could also be usedin conjunctly 
wiA a frac pack or gravd padc and subsequently expanded to bade fill any voids in 

the amiulus I pack or perforations not filled. 
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Wedaim: 

1. An expandable fflter assembly for downhole use, 

a base, pipe having an inside .surfece, a longitudinal laxis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, said layers 
each being annealed to feciUtate subsequent expansion downhole. 

2. The assembly of claim l,wherem: : 

said filtration layer and said base pipe are individually amiealed prior 
to bdng joined toge&er. 

3. The assembly of claim IjWho^ein: : 

said filtration layer and said base pipe are annealed after being jomed 

together. 

4. The assembly of claim 1, wherem: 

said fillration layer and said base layer are swaged together and said 
amiealing further comprises solution annealing at up to about 1800 
degrees 

5. Theassembly of claim 1, wherein: 

said inside surfece of said base pipe is coated to reduce the force 
neededifor subsequent expansion. 

6. The assembly of claim 5, ftrthercomprismg: 

an expander capable of multi-stage expansion of said base pipe and 
said filtration layer. 

7. The assembly of claim 6, wherein: 
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said Staged expansion occurs in a single direction. 

8. The assembly of daim 6, wherein: 

said staged ejcpansion occurs in opposed directions. 
9 The assembly of daim 6, wheacran: ; 

dimension. 
10. The assembly of daim 6, wherein: 

said filtering layer comprises a weave having weft and warp wires and 
one of said weft and warp wires is disposed at an angle of 

about 10-80 degrees wife respect to the longitudinal a^ds-.of said base 
pipe. > 

11. The assembly of daim 10, whereuK i 

«id Wl «ta *a« " 
mudi as about S0%. 

12. The assembly of daim lO.vdierean: i 

said at least one filtration layer fiir&er comprises a woven drainage 
layer on said base pipe and a main filtration Uyer, said drainage layer 
protecting said main filtrationlayerftomburrs in openings in said b^^ 

pipe andprovidingmechanicd support forsaidmainfiltrationl^^^^ 

13. The assembly of daim 12, fiirflier conqaising: 

a filtration layer mounted over said main filtration layer 

axd fi^er comprising a weavc-said drainage layer and said filtration 
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enhaacemeat layer aie spirally wound to orient wires therein in 
substantial aHgmnentwithsaidwiies in said main filliationlayer. 

14. The assembly of daim W, wheran: i 

said openings in said base pipe are totmd. rounded or oval. 

15. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside , sorfece. a longitudinaL .axis, and a 

plurality of opmings; 

at least.one filtration layer mounted over saidbase pipe, 

said mside suifiice of said base pipe is coated to reduce the force 

neededifor subsequent mansion. 

16. TTieassanblyofclaim 15, herein: « 

said coating is made of a plastic material and said openings are round, 

rounded or ovbL 

17. The assembly of claim lS,fiirther comittising: 

an «q)ander capMe of multi-stage expansion of said base jnpe and 
said filtration layer. 

18. The aMemblyofclaim 17, wherein: i 

said filtering layer comprises a weave having weft and warp wires and 
whereia one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to flie longitudinal axisiof said base 
pipe. « 

19. The assembly of claim 18, wherein: i 
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said layers each bdng annealed to feciUtate subsequent «pansion 
dovmhole; 

degrees?. 



20. Aa eKpandable filter assembly for downhole.use. cotDprisinr- 

a base, pipe having an inside .surfece. a longitudinal .axis, and a 

plurality of openings; 

at least .one filtration layer mounted over said base pipe; and 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

21. The assembly»f«daim 20, wherein: i 

saidbasepipeisexpandedmstagesuptoaboutSOo/oaboveitsoriginal 

dimoi^orL 

22. The assemblyof daim 20, wherdn: i 

said layers eadi being annealed to fiidUtate subsequent e^ansion 

downhole; 

said filtration layer and said base layer are swaged together and said 
amieaUng fiirftier coirq^ises sohition amxealing at up to aboirt 1800 
degrees?. 

23. The assanblyofdaim 22, wherein: t 
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said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudmal axis!of said base 
pipe. I 

24. An expandable filter assembly for downhole use. comprismg: 

• a base.pipe having an inside .surfece, a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, 
said filtering layer comprises a weave having weft and warp wires and 
wherdn one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis:of said base 
pipe. » 

25, The assembly of claim 24, wherein: I 

said weft wires have a larger diameter than said warp wires by as 

mudi as about 50%. 
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